A sealed gas photon detector with a GEM (Gas Electron Multiplier) cascade coupled to a semitransparent CsI photocathode has been studied. High gains, reaching 10 6 , and fast anode signals, of a width of 15 ns, were obtained with this GEM-Photomultiplier in Ar/CH 4 (95/5), in a photon counting mode. The life-time of this first prototype detector under high photon flux and large anode currents is provided.
I. INTRODUCTION
In recent years there has been a considerable progress in the development of gas avalanche photon detectors [1] . Recently, a new type of such detector with a GEM (Gas Electron Multiplier) amplification system, called the GEM photomultiplier (GPM), has been introduced and studied in detail [2] . It consists of a solid photocathode coulped to a cascade of GEM elements. The GEM [3] is made of a thin Kapton foil metal-claded from both sides and perforated by a high-density matrix of micro-holes, inside which the gas amplification occurs. Potentially, the GPM might have a number of advantages over vacuum photomultipliers, such as insensitivity to magnetic field, high position resolution, large active area, flat-panel design and low cost.
Other important advantages of the multi-GEM amplification structure are the considerable reduction of avalanche-induced photon [4] and ion [5] feedback to the photocathode and the possibility of operating in mixtures of pure noble gases at high gains, reaching values of 10 6 [2] . Since avalanche detectors operating with noble gas mixtures basically do not age, one could expect a stable, long-term operation of the GPM in a sealed mode. The sealed mode of operation, unusual for gas avalanche detectors, is the basic requirement for any photon detector designed for operation in commercial systems.
The operation mechanism of the multi-GEM multuplier is rather complex regarding the number of phenomena affecting the detector performance [2] . These are: avalanche confinement in the GEM holes, avalanche extension outside the holes, ion feedback between successive GEM elements, charging-up of the GEMs, photon feedback to the photocathode, photoelectron backscattering, etc. It has been demonstrated recently that a careful choice of the operating GPM parameters permits the detection of each photoelectron emitted from the photocathode [6] .
In this work we study, for the first time, the properties of the GEM photomultiplier operated in a sealed mode. The detector has a semitransparent CsI photocathode sensitive in the UV spectral range. Preliminary results of this study are presented, including the gain and some ageing characteristics. More detailed investigations of the device are under way. Similar photon detectors for visible light are being developed at our laboratory [1] .
II. DETECTOR DESCRIPTION
The detector's operation principle is shown in Fig.1 : light, impinging at the semitransparent CsI photocathode, emits photoelectrons into the gas. These photoelectrons drift towards the 1 st GEM element and focus into the holes, where gas avalanche amplification occurs under the high electric field. The avalanche electrons further drift to the following GEM element where they are successively multiplied in a cascade.
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The detector was manufactured in the following way: four GEM foiles, with an active area of 28×28 mm 2 each, were mounted on ceramic frames and installed within a Kovarmade package. The GEM elements are made of 50 µm thick Kapton, copper-claded on both sides; the holes are of 80 µm diameter, spaced by 140 µm. The package has a number of high-voltage feedthroughs at its base, to which the GEM electrodes were connected by tin soldering. The package was placed into a dedicated UHV photocathode deposition and transfer setup and baked for a few days in high vacuum. The photocathode was prepared in the same setup: a 150 Å thick semitransparent CsI film was deposited on a Suprasil quartz window, of 60 mm in diameter, pre-coated with a 30 Å thick Cr layer; the latter providing the electrical conductance at about 50% transparency [7] . Following the baking procedure, the package was indium-sealed to the quartz window, at a temperature of 135 °C. Before sealing, the package was filled with Ar/CH 4 (95/5) at 1 atm. The distance between successive GEM elements and between the photocathode and the 1 st GEM were 1.2 and 6.6 mm, correspondingly. The sensitive area of the photocathode, defined by the opening of the ceramic frames, is 20×20 mm 2 . A photograph of the device is shown in Fig.2 . The UV light source was either a continuous Hg(Ar) lamp or a pulsed H 2 lamp. During measurements, the GEM electrodes and the photocathode were connected to a common resistive high-voltage devider (see Fig.1 ). The anode signal was detected using a picoammeter, charge amplifier or a fast current amplifier, depending on the type of measurement.
In this work, the anode signal was generally read out from the "upper" electrode of the 4 th GEM, as shown in Fig.1 . In this configuration, the last GEM element is not acting as a multiplier; its "upper" electrode simply acts as a printed circuit readout board (PCB). In such a 3GEM+PCB configuration, the recorded signal is sensitive to the electron component of the avalanche only. The electric fields in the detector were 0.6kV/cm in the photocathode gap, 2kV/cm in the transfer gaps (between GEMs 1,2 and 3) and 4 kV/cm in the signal induction gap (between GEMs 3 and 4). The potential across the GEM electrodes was varied according to the requested gas gain.
We also studied the 4GEM configuration, in which the 4 th GEM is also used for multiplication and the anode signal, read out from the "lower" GEM4 anode, is sensitive to both the electron and ion components of the avalanche. The results of the GPM performance in the 4GEM configuration (not shown in Fig.1 ) as well as more detailed description of the experimental setup and more extended study of the detector operation stability, will be presented elsewhere.
III. DETECTOR PERFORMANCE
It should be remarked that some detector parameters, like the CsI film thickness, the photocathode-to-GEM distance, the maximum voltage that can be applied to the feedthroughs, etc, were not optimized in this first detector prototype. Therefore, some detector characteristics, such as its quantum efficiency (QE) and the maximum attainable gain, were far from being optimal. This however did not prevent the study of the detector performance.
The QE of the semitransparent CsI photocathode was only about 2% at 170 nm, at an electric field value at the photocathode surface of 0.6 kV/cm. This relatively low QE (QE values approaching 10% are expected at this wavelength [7] ) is due to an unoptimized photocathode thickness, which is known to have a crucial effect on the QE [7] . Also, the QE losses due to photoelectron backscattering in the gas [8] were not fully eliminated at our rather low extraction field at the photocathode surface. Further increase of this field was not possible due to electrical breakdown at the feedthroughs. Finally, it has been recently demonstrated that a small gas amplification is needed at the photocathode-to-first-GEM gap, to provide full collection of the photoelectrons into the GEM holes [6] . This mode of operation was not applied in the present tests. The detector was operated in a single-photon counting mode. Fig.4 shows single photoelectron signals from the anode at a gain value of about 3×10 5 , recorded with a standard charge-sensitive amplifier. The signals seem to be saturated which is in agreement with earlier observatios [2] made in similar conditions. The signal saturation was confirmed by the shape of the pulse-height spectrum (not shown). This should result in higher efficiency for detecting single-photon events and in better pulse-height resolution for multi-photon events. For example, for light pulses yielding on the average 14 photoelectrons from the photocathode, the energy (pulseheight) resolution was measured to be σ/E=36%. The saturation of the single photoelectron signal at relatively low gains may result from the effect of avalanche confinement within the GEM holes [2] . Using a fast current amplifier we have observed fast anode signals, of a width of 15 ns. The timing resolution for a 100-photoelectron light pulse is estimated to be better than 1 ns. The transit time of the signal (internal delay of the detector) is about 250 ns.
The stability of operation is of prime importance for sealed devices, in particular for gas-filled detectors, because the avalanche-induced gas derivaties may destroy the sensitive photocathode layer. Another source of instability could be the outgassing of organic material (Kapton) from which the GEM foils are made. Nevertheless, the GPM showed relatively good short-term stability: the quantum efficiency did not degrade during a month following the sealing process, when operating the detector from time to time and at relatively low anode currents (below 1 pA/mm 2 ).
The efficiency, however, decreased after an operation at high photon flux and very large anode currents, during the ageing tests. The results of two ageing runs are presented below, for the same incident photoelectron flux, 3×10 4 p.e./ mm 2 s, but for different GPM gains, 1×10 4 and 7×10 4 . For the higher gain, the initial anode current was rather large, of about 0.1µA, corresponding to current density of 250 pA/mm 2 .
Fig .5 shows the relative anode current as a function of the accumulated charge in these two runs. Before and after each run, the relative QE of the photocathode was measured. In the present measurments, the QE variation was consistent with that of the anode curent (which is not always the case [9] ). Nevertheless, the ageing characteristics of the GPM proved to be nontrivial. At lower gain, the relative anode current shows a rather fast drop followed by an increase, and it reached its initial value after an accumulated charge of 2 µC/mm 2 . This may be interpreted as being induced by variations of the QE at high flux due to charging-up of the CsI film by positive ions backdrifting from the GEM cascade. Indeed, a similar charging-up of CsI by ion deposition, induced by discharges, was observed in Ref. [10] ; it was also accompanied by QE variation and was interpreted to result from a very high electric field created at the photocathode surface [11] .
At higher gains, the photocurrent decreases monotonically, showing a 20% drop at about 1 µC/mm 2 . This is comparable to the ageing results obtained with some CsI photocathodes in unsealed detectors flushed with gas [9] . Therefore, we cannot say whether the present ageing is mainly induced by ion bombardment of the CsI or due to modifications of the gas composition that could occur, by outgassing, in the sealed detectors. We can only state at the moment that the ageing rate observed in our first sealed detector prototype depends on the gain and probably on the absolute anode current value.
IV. CONCLUSIONS
In conclusion, we have manufactured for the first time a sealed GEM photomultiplier (GPM) with a semitransparent CsI photocathode, filled with Ar/CH 4 (95/5). High gains, reaching 10 6 , and fast anode signals, of a width of 15 ns, were obtained with single photoelectrons. The detector has a saturated single photoelectron signal and good pulse-height resolution for multi-photon events. The GPM showed a stable operation during a month at low anode currents. It did not age at moderate gains, of the order of 10 4 , and anode current densities of about 50 pA/mm 2 . However, at gains and anode currents higher by about an order of magnitude, the detector started to age at a rate typical for unsealed gas detectors with CsI photocathodes. Further studies of the detector characteristics, such as long-term stability, ion feedback to the photocathode, charging-up effects, etc, are under way.
Large-area, flat gas avalanche imaging photomultipliers, having single-photon sensitivity, fast timing and capability of operation under intense magnetic fields can be produced by this new technique. They have numerous potential applications in basic and applied research, medical imaging and other fields.
